Background This study aims to evaluate the safety and efficacy of simultaneous endoscopic submucosal dissection (ESD) for synchronous double early gastric cancers. Methods We retrospectively evaluated 832 single gastric cancers from 789 patients treated by single ESD (single group) and 124 synchronous double cancers from 62 patients treated by simultaneous ESD (simultaneous group). Results The overall rate of en bloc resection and curative resection was comparable between the two groups. Procedure time was significantly longer in the simultaneous group than in the single group (131.0 ± 66.5 and 94.8 ± 64.1 min, respectively, P \ 0.001). White blood cell count on the day after ESD was significantly higher in the simultaneous group (9310 ± 2774/ll) than in the single group (8633 ± 2341/ll) (P = 0.032). Length of fasting period after ESD was 1.1 ± 0.5 days in the single group and 1.4 ± 1.1 days in the simultaneous group (P = 0.082). Complications were more frequent in the simultaneous group than in the single group (11.3 vs. 5.4 %, respectively), but the difference was not significant (P = 0.082). Complication rate per one lesion did not differ between the two groups (5.6 vs. 5.4 %, respectively, P = 0.914).
Introduction
Endoscopic submucosal dissection (ESD) is recognized as a treatment for early gastric cancer associated with a minimal risk of regional lymph node metastasis. Furthermore, it has increasingly gained acceptance in Western countries, because it improves the completeness of en bloc resection of early gastric cancer [1] [2] [3] .
In studies conducted on patients with surgically resected stomachs, the synchronous multiplicity of gastric cancer is well known, and the frequency of such multiple cancers has been reported to range from 4.8 to 20.9 % at several institutions [4] [5] [6] [7] [8] [9] . Accurate detection of synchronous multifocal gastric cancer is mandatory for the successful management of gastric cancer, and the entire stomach should be examined with particular care during endoscopic procedures, especially when endoscopic resections of tumors are to be performed [10] .
Although ESD contributes to preserving most of the stomach, the risk of synchronous and metachronous gastric cancer developing at other sites in the stomach has become a major problem. There have been only few reports regarding the treatment strategies for synchronous multiple early gastric cancers. We have performed simultaneous ESD for synchronous multiple early gastric cancer. This study was designed to evaluate the safety and efficacy of simultaneous ESD for synchronous double early gastric cancer by comparing with single ESD for single early gastric cancer.
Materials and methods

Definition of synchronous and metachronous multiple cancer
There is no consensus regarding the distinction between actual metachronous gastric cancer and missed synchronous gastric cancer [11] . However, in this study, we defined multiple cancer detected at the time of ESD as synchronous and a second cancer found after ESD as metachronous (irrespective of the time elapsed since ESD).
Patients
The cases reviewed for this study included 1111 early gastric cancers in 944 consecutive patients who underwent ESD at Cancer Institute Hospital of the Japanese Foundation for Cancer Research between March 2005 and February 2010. The patients were classified based on the guideline criteria proposed by the Japanese Gastric Cancer Association including the expanded criteria proposed by Gotoda et al. [1, 12] . In our hospital, 228 synchronous multiple gastric cancers from 110 patients were treated by ESD. We focused on evaluation of simultaneous ESD for synchronous double early gastric cancers in this study. The study comprised cases that were resected in 1 day by ESD, but excluded those in which more than two synchronous lesions were resected during the same procedure (40 lesions from 12 patients), double lesions were not resected on the same day (16 lesions from 8 patients), lesions were located in the remnant stomach because of prior surgery for malignancy or peptic ulcer (52 lesions from 42 patients), a gastric tube had been used after esophagotomy as a surgery for esophageal cancer (9 lesions from 7 patients), cases of synchronous early gastric cancer resected as one piece by ESD (28 lesions from 14 patients) and cases of synchronous multiple early gastric cancer treated by ESD with lesions at other sites in the stomach that were outside of the expanded histological criteria for endoscopic resection treated by surgery (10 lesions from 10 patients) (Fig. 1) . A total of 956 lesions from 851 patients were included in the study. Eight hundred thirty-two single gastric cancers from 789 patients treated by single ESD and 124 synchronous double cancers from 62 patients treated by simultaneous ESD were evaluated.
ESD procedure ESD was performed by, or conducted under the supervision of, expert endoscopists certified by the Japan Society Fig. 1 Patient selection of synchronous multiple early gastric cancers treated by ESD: the study included 62 patients with synchronous double cancers treated with simultaneous ESD of Gastrointestinal Endoscopy. As preoperative procedures, chromoendoscopy (using indigo carmine), magnification endoscopy with narrow-band imaging (ME-NBI) and circumferential biopsies of a lesion were employed for defining the carcinomatous area, and endoscopic ultrasonography (EUS) was performed as needed for assessment of invasion depth. ESD, conducted under anesthesia with midazolam and pethidine hydrochloride, began with the identification of the lesions and marking around them with spotty cautery using argon plasma coagulation. Lesions were completely removed by submucosal dissection using an insulated-tip knife (IT knife) or IT knife 2 (Olympus Optical, Tokyo, Japan). Whenever active bleeding was noticed, endoscopic hemostasis was performed either with the knife itself or with hemostatic forceps (FD-410LR; Olympus, Tokyo). All visible vessels on the artificial ulcer were coagulated using hemostatic forceps even if there was no evidence of bleeding at the end of ESD.
Simultaneous ESD was performed for double lesions. It was started by marking both lesions. After resection of a lesion on the anal side, we coagulated all visible vessels on the artificial ulcer. Then we started to resect the next lesion on the oral side (Fig. 2) .
The ESD operation time was defined as the time interval between endoscopic insertion and removal. Evaluation of resected specimens Early gastric cancers were categorized according to location, i.e., upper (U), middle (M) or lower third (L) of the stomach. All resected specimens were sectioned into 2-mm slices and evaluated by histopathological examination. The tumors were classified histopathologically according to Japanese Gastric Cancer Association (JGCA) criteria [13] . Tumor size and ulceration were determined histopathologically, and the size of the resected specimen was measured at the greatest diameter. Curability was determined histopathologically based on the expanded criteria proposed by Gotoda et al. [1] ; thus, standard guideline criteria for endoscopic resection are differentiated adenocarcinoma and intramucosal cancer 20 mm or less in size without ulcer findings. Expanded indication criteria for differentiated adenocarcinoma are having no evidence of invasion of the submucosal layer and, regardless of tumor size, being without ulcer findings or 30 mm or less in size with ulcer findings, or having evidence of minute invasion of the submucosal layer (less than SM 500 lm) and being 30 mm or less in size. Expanded criteria for undifferentiated adenocarcinoma are having no evidence of the submucosal layer and being 20 mm or less in size without ulcer findings. Curative resection was regarded as a resection within the indication criteria with margins free of neoplasm (complete resection) and not having lymphatic or vascular invasion.
Data and statistical analysis
Detailed information on endoscopic images, procedures and pathological examinations was obtained from medical records. Patients and procedures were divided into simultaneous resection and single resection groups. Lesions were divided into double lesion and single lesion groups.
Operative conditions, procedural time, amount of anesthetic used during the procedures, complications such as postoperative bleeding, perforation and an operation needed for complications were compared between the simultaneous and single resection groups. Postoperative conditions, hemoglobin level, white blood cell counts on the day after ESD, length of fasting periods in the perioperative course and length of hospital stay after ESD were evaluated. Statistical analyses were carried out using Chi-square tests, Fisher's exact test, t test or Mann-Whitney U test. These variables were also evaluated by a multivariate logistic regression model using the Wald statistic backward stepwise selection. The level of significance was set at P \ 0.05. The factors affecting metachronous lesions were analyzed using the Kaplan-Meier method, and a log-rank test was conducted. The analyses were performed using SPSS software.
Ethics
The study was conducted in accordance with the Declaration of Helsinki, and the study protocol was approved by the Ethics Committee of the Cancer Institute Hospital of the Japanese Foundation for Cancer Research.
Results
Patient and lesion characteristics
A total of 832 single lesions from 789 patients were treated by ESD and 124 synchronous double lesions from 62 patients were simultaneously resected by ESD on the same day.
The clinicopathological characteristics of the single and double lesions are presented in Table 1 . The median patient age was 68.1 years old in the single group and 70.6 years old in the double group; thus, the patients in the double group were older than those in single group, although this did not reach statistical significance (P = 0.053).
The location of the lesions was comparable between the two groups. Although tumor size was comparable between the groups (14.8 ± 10.4 mm in the single group and 13.7 ± 8.1 mm in the double group, P = 0.258), specimen sizes were significantly larger in the single group than in the double group (32.8 ± 12.9 mm in the single group and 30.0 ± 10.9 mm in the double group, P = 0.023).
In the double group, the incidence of differentiated type gastric cancer was 96.8 % (120/124), which was significantly (P = 0.006) higher than in the single group (88.7 %; 739/832). The criteria according to those proposed by the Japanese Gastric Cancer Association were comparable between the groups (P = 0.144).
Clinical outcomes of each procedure
The clinical outcomes of each procedure are summarized in Table 2 . Procedure time was significantly longer in the simultaneous resection group than in the single resection group (131.0 ± 66.5 vs. 94.8 ± 64.1 min, respectively; P \ 0.001). The amounts of sedative drugs (pethidine hydrochloride and midazolam) administered during procedures were significantly larger in the simultaneous group than in the single group (P = 0.001 and \0.001, respectively).
The overall rate of en bloc resection and curative resection was comparable between the two groups.
Overall, complications were more frequent in the simultaneous than in the single group, 11.3 % (7/62) versus 5.4 % (45/832), respectively, but the difference was not significant (P = 0.082). Delayed bleeding and perforation were 6.5 % (4/62) and 3.2 % (2/62), respectively, in the simultaneous group and 4.4 % (37/832) and 1.0 % (8/832), respectively, in the single group. One patient in the simultaneous group needed distal gastrectomy because of bleeding during the procedure. The complication rate per one lesion did not differ between the two groups (5.6 vs. 5.4 %, respectively, P = 0.914).
A comparison of the clinical data between the two groups is also presented in Table 2 . Although WBC counts on admission were comparable (P = 0.948) between the two groups, WBC count on the day after ESD was significantly higher in the simultaneous resection group (9310 ± 2774/ ll) compared with the single resection group (8633 ± 2341/ ll) (P = 0.032). Hemoglobin levels on admission and on the day after ESD were comparable (P = 0.593 and 0.943, respectively) between the two groups. Length of the fasting period after ESD was 1.1 ± 0.5 days in the single resection group and 1.4 ± 1.1 days in the simultaneous resection group, but the difference was not significant (P = 0.082).
Clinical characteristics of the cases with complications following simultaneous ESD are shown in Table 3 . Age of patients, size, locations, and guideline criteria of tumors were comparable between cases with and without complications. Procedure time was 179.0 ± 119.0 min in cases with complications and 124.9 ± 55.5 min in cases without complications; this difference was significant (P = 0.039). In addition, in multivariate analysis, a procedure time longer than 150 min was significantly associated with complications (P \ 0.042, odds ratio = 6.094, 95 % confidence interval = 1.070-34.718). Size of the larger tumor, upper portion location and tumors not in the standard guideline criteria were significantly associated with long procedure time (Table 4) .
Discussion
The frequency of the synchronous multiplicity of gastric cancer in surgically resected stomachs has been reported to range from 4.8 to 20.9 % at several institutions [4] [5] [6] [7] [8] [9] . The However, few reports have discussed endoscopic treatment strategies for synchronous gastric cancer. There is no consensus regarding the distinction between actual metachronous gastric cancer and missed synchronous gastric cancer. Some previous reports defined a second cancer found within 1 year after endoscopic resection as ''synchronous'' and a second cancer found after more than 1 year as ''metachronous.'' In this study, however, we defined a multiple cancer detected at the time of ESD as synchronous, because we have evaluated the safety and efficacy of simultaneous ESD for synchronous multiple early gastric cancer. In the present study, white blood cell counts on the day after ESD were significantly higher in the simultaneous resection group than in the single resection group. Although the hemoglobin level and the fasting period were comparable between the two groups, hospital stay was significantly longer in the simultaneous group than in the single resection group, but the difference was less than 1 day. Operative time was significantly longer in the simultaneous resection group than in the single resection group. Complications such as perforation and delayed bleeding were more common in the simultaneous resection group than in the single resection group, but the difference was not significant and the complication rate per one lesion did not differ between the two groups (5.6 vs. 5.4 %). Simultaneous ESD can be a feasible and safe option, and it can reduce hospital stay and overall medical expenses by the simultaneous resection of two cancers on the same day. In our study, multivariate analysis for complications by simultaneous ESD showed that procedure time longer than 150 min was significantly associated with complications. Size of the larger tumor, upper portion location and tumors not in the standard guideline criteria were associated with long procedure times. If we expect that the procedure time will be longer than 150 min for cases with synchronous early gastric cancer, resection on separate days might be a good option.
Previous reports described that lesions in the upper stomach and large size and long procedure time were associated with complications for single ESD [18, 19] . Our results for the simultaneous ESD for the double lesions were almost the same as described in these previous reports for single ESD. These results for the simultaneous ESD need to be validated by further studies.
There have been reports of cancer of the gastric remnant occurring in 1.8-5 % of patients who have had surgical treatment for gastric cancer [20, 21] . So the remnant stomach after such treatment is at high risk for the development of metachronous gastric cancer. Several studies show the overall incidence rates of metachronous gastric cancer after endoscopic resection range from 7.9 to 14 % [11, [14] [15] [16] [17] , and the residual gastric mucosa after such treatment is thought to be at a high risk of metachronous gastric cancer. Although the residual gastric mucosa after endoscopic resection is thought to be a high-risk environment, the high risk may only be the result of occult synchronous cancers [17] . Because small lesion size is the major risk factor for endoscopic failure to recognize synchronous additional gastric lesions, the entire stomach should be carefully examined, especially when ESD of gastric cancer is to be performed [10] .
In conclusion, simultaneous ESD for synchronous gastric cancer can be a feasible and safe option, and it can reduce hospital stay and overall medical expenses by the resection of two cancers at the same time on the same day. Long operative time is independently associated with complications of simultaneous ESD for synchronous cancer. Size of the larger tumor, upper portion location and tumors not in the standard guideline criteria might be indicators of long procedure time. If a long operative time is predicted, resection on separate days might be a good option to avoid complications.
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